Kinetic analysis of biochemical differentiation in Dictyostelium discoideum.
The metabolic network leading to accumulation of cellulose, trehalose, and mucopolysaccharide during development of Dictyostelium discoideum was simulated on a computer. The program consists of a metabolic map, the measured specific activity of the enzymes involved at each stage in development, and the substrate and inhibitor affinities. The Km values of four enzymes, amylase, UDP-galactose polysaccharide transferase, UDP-galactose epimerase, and cellulose synthetase, were determined for this study. At each iteration (1 min) during the period simulated (1500 min), the in vivo activity was calculated for each enzyme using Michaelis-Menten equations and new values for metabolites and end products were generated. The computed values for the concentration of both metabolites and polysaccharides were in close agreement with the measured values at all stages of development. We conclude that the in vitro measured values correlate well with the measured in vivo rates when treated in this manner. The program was modified to simulate the alterations in carbohydrate metabolism which might be expected in mutant strains with reduced activity of various enzymes. Trehalose was found to overaccumulate when either the peak value of the developmentally controlled increase in the specific activity of UDPGlc pyrophosphorylase was reduced. Trehalose accumulation was decreased in simulations of mutants lacking glycogen phosphorylase or glycogen synthetase. The interaction of these metabolic pathways is discussed.